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ABSTRACT 

The introduction of large herbivorous animals into new regions for utilitarian 
purposes by people has been standard practice for millennia. When these animals have 
been brought into islands, the results have typically been ecological disaster to the 
delicate island ecosystems. However, the history of such introductions to atolls has not 
followed the same course. This paper reviews the history of attempted introductions and 
what information is available as to their outcomes, with focus given to the Marshall 
Islands. It is suggested that the nature of atoll soils prevents the survival of these animals, 
with possible implications to agriculture and human health as well. 


INTRODUCTION 

The question arose first, as to why there are no established goat, sheep or cattle 
populations on central Pacific low atolls such as the Marshall Islands, and second, 
whether this is of any significance for human health (this latter question is not addressed 
in this paper.) 

Here we investigate written history and current understanding of some residents of the 
Marshall Islands to ascertain whether it is possible that the atoll soil composition of plays 
the major role as to why ruminants have not become established on these atolls, either in 
the wild or as domestic animals. 

Several indications that the soil mineral content is highly significant are cited, 
with various possible arguments against this also being considered. 


DISCUSSION 

Throughout the world, feral goats have long been a notorious problem and 
extensive eradication programs have been undertaken, albeit not always successfully 
(Campbell and Donlon, 2005). So it is remarkable that no self-sustaining population of 
ruminants is known in the Marshall Islands or any other similar oceanic coral atoll. 


1 College of the Marshall Islands Liberal Arts Major; Capstone pilot program. 

2 Biological Consultants, Majuro, Marshall Islands. 

J authors listed alphabetically; corresponding author; nancyv@ntamar.net 


Manuscript received 4 June 2009. 


2 


Furthermore, the persistent attempts and failures to introduce ruminants demonstrate that 
there is indeed a problem. 

Some accounts of early introductions to the Marshall Islands and other similar atoll 
areas include: 

• 1817: The Russian Rurik under the command of Otto von Kotzebue spent weeks on 
Wotje and other atolls of the Ratak (eastern) chain of the Marshall Islands. They 
provided the people of “Otdia” (or Wotje) and other atolls with watermelon, yam, and 
sweet potato seeds and tubers. They also gave them goats, which had been taken 
aboard the vessel in Hawaii, and then left on Kaijen Island, (which was rebranded 
“Goat Island,” a designation still to be found on some charts to this day). The first 
attempt to establish goats failed but another attempt was made a few months later on 
a second stopover (Chamisso, 1835; Chamisso [Kratz translation, 1986]). 

Evidently none of the goats from either introduction survived. 

• 1857: Protestant missionaries from the American Board of Commissioners for 
Foreign Missions arrived on Ebon Atoll. These “missionaries brought new food 
sources to the attention of the people” and right away “began in a small way to 
introduce sheep, goats, and a good breed of pigs” (Crawford and Crawford, 1967), 
and by the next year, more ruminants were brought “two lambs, male and 
female. . .two goats.” (janeresture.com, 2009). But even though the “climate [was] 
pleasant, with abundance of rain. . . [but] it was found difficult to keep animals; there 
was plenty for them to eat, but some noxious plant destroyed them” 

(janeresture.com, 2009). 

These failed introductions were reflected in one of the first books produced in the 
local Marshallese language: 

“Kot ra’r ber i Ebon mokta. 

Rar ber iben toktor Birjon. 

Re ba me, me, me.” (annon undtd.) 

(translation:) 

“Goats were found in Ebon earlier 

They were with Dr. Pierson 4 

They said ‘may,’ ‘may,’ ‘may.’” 

• cl 860: Other missionaries from the same organization had gone to Abiang, Kiribati. 
They too tried to raise livestock (janeresture.com, 2009), and also met dismal failure. 
Thus, early on it was concluded that on the ‘rims of very narrow land which surround 
the lagoons’ and where “soil is poor, and often very barren,” “cattle, sheep, and goats 
can live there but a short time” 5 and that: “Neither goats, nor sheep, nor cattle. . .can 
live on either the Marshall or Gilbert Islands (Bingham, 1866).” 


4 George Pierson, one of first missionaries to go to Ebon, was also a medical doctor. 

5 A few years earlier, a similar statement was made concerning Kiribati with its ‘poor soil where very 
few plants could grow,’ only with a slightly different assortment of animals: “Neither horses, cows, nor 
sheep can live there long.” (ABCFM 1885). 


3 


• Before 1889: The “metropolitan islet’' of Jabwor, Jaluit, although being what was 
called an “unpromising spot’' that “a small Paradise has been created.” Part of this so- 
called ‘paradise’ included “the little cow grazing quietly on her patch of freshly 
planted grass” (Moss, 1889). 

• After 1889: Jabwor, Jaluit, cows and sheep ‘can only exist when they are fed with 
imported grass.' 6 (Schnee, 1904 [Petrosian-Husa translation). 

• 1896: Again on Jabwor: ‘There is not enough food for cows. Those animals imported 
to Jaluit for slaughter, cows and male sheep, quickly lose weight and therefore soon 
have to be slaughtered. Everything which had been tried to acclimate cows and sheep 
on the Marshall Islands has failed, because the kind of grasses cannot feed the 

animals.’ 7 (Fitzner 1896 [Petrosian-Husa translation, pers. comm.]). This was 
evidently despite the practice of importing “foreign” soil, from high islands such as 
Pohnpei (a practice continued under the latter administration of Japan) (Fosberg, 

1961; Stevenson, 1914). 8 

• 1890: Suwarrow Atoll, Cook Islands of Polynesia, an attempt was made to introduce 
goats and sheep. There was “a great deal of fine, grass feathery” and the animals 
“ate the grass greedily” but that grass was described as being “worthless, 
unfortunately, for feeding animals” because “they but did not thrive, and soon 
dwindled and died.” “It was found, on examination, that the grass did not digest but 
remained in balls in the intestines” (Stevenson, 1914). 

It appears that eventually efforts were given up on raising cattle and other 
ruminants in the Marshalls, and cattle which lived in a semi-feral state on Kosrae, were 
brought as food to Jaluit (Sarfert, 1919 [Petrosian-Husa translation, 2008]). 

More recently, there were other accounts of goats and ruminants on atolls 

• 1946: One hundred-fifty goats were transported to Bikini. These were part of the 
menagerie of 3,619 test animals aboard the ships anchored in the lagoon during the 
first of the nuclear bomb tests conducted by the United States. Because goats have 
approximately a body mass and respiratory system to that of humans, they could 
provide insight into how people would be effected by a nuclear blast. (Weisgall, 

1994). 

• 1977: Toward the end of the administration by the Trust Territory of the Pacific 
Islands, there a recommendation was made for a widespread livestock program to 

6 “konnen nur bei Fattening mit importirtem Grase existiren.” 

7 “Fur Rindvieh fehlt es an Futtermitteln; die von den Schiffen als Schlachtvieh nach Jaluit eingefuhrten 
Kiihe und Hammel magern sehr schnell ab und miissen deshalb bald geschlactet werden. All Versuche, 
Rindvieh und Schafe auf den Marshall-Inseln zu akklimatisieren, sind fehlgeschlagen, weil die Grasarten 
sur Ernahrund dierser Tiere nicht geeignet sind.” 

8 This was done on other atolls as well. On Takaroa, Tuamotu islands, French Polynesia “herculean efforts 
had been made by bringing whole schooner cargoes of soil to grow some of the food plants and trees of 
Tahiti, but all such growths were a trivial item in the daily demand for sustenance” (O’Brien 1922). 
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bring in cows, goats and donkeys (along with pigs and chickens) to the Marshall 
Islands (PH, 1977). Fodder species were planted on Majuro, possibly for such a 
program (Thaman and Vander Velde, 2006), but no written record or even anecdotal 
accounts of any large-scale animal introductions were found. 

• Recent years: There have been a few introductions of goats and cows to the Marshall 
Islands during the past few decades. Often cows were brought for a large feast, being 
allowed to graze for a short while before slaughter. Small numbers of goats were 
periodically introduced and allowed to free-range on isolated islets. 

• c2000: Three goats introduced into Majuro, were brought by ship from Australia. The 
goats lived in Delap village for many years in the plain view of traffic, so just about 
everyone knew of them. They were allowed to free-roam around a residential and 
graveyard area. They grazed on some grass, weeds and other nearby vegetation, but 
they also ate bread, pancakes, and other flour products. Effort were made to keep 
them away from pandanus plants. 9 They never reproduced and are now gone (pers. 
comm. T. Zedkaia). So although they did survive for a time, this was possibly 
largely due to a diet of imported food that was only supplemented by local vegetation. 

• 1980s and 1990s, Kiribati: A fairly large scale program was undertaken to promote 
goats. “Of all the shrubs in the atolls goats appear to like Scaevola sericea (salt bush) 
the most and on most atolls they heavily relied on it. In fact, under coconuts Scaevola 
sericea was the only acceptable feed consumed daily by goats (Hussain, 1987). Of the 
vines and creepers which are also important components of the ground cover of atolls, 
many were eaten by goats under some circumstances, but the legume Vigna marina 
was the most palatable (Hussain, 1987)” (Aregheore, 2002a). 

• Tuvalu: A similar “demonstration scheme” was undertaken with goats under coconut 
trees. The animals mainly consumed the same species as on Kiribati. Cattle were 
“once introduced by a private farmer in 1950s - 60s in Niulakita island” but they 
evidently did not survive, because since then, no cattle are reported to exist in this 
country (Fifita, 2004). 

• Tokelau: Another similar short-lived attempt to raise goats was also undertaken, but 
also without long term results (Macfarlane, 1998). 

While these failures could certainly have been for any number of reasons or 

combination of reasons, they do not seem to rule out a soil-mineral imbalance as being a 

major factor. 


They were not tethered despite being reported as such (Areghore, 2002b). 
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WHY THE FAILURES? 

FACTORS OTHER THAN SOIL AND WHY THESE FACTORS ARE 
UNLIKELY THE PRIMARY CAUSE OF FAILURES 

While we are proposing that soil factors may be very important reasons - if not 
the most significant of reasons - for ruminant failures on atolls, there are other important 
factors that should be taken into considerations. These include: 

• Unfamiliarity With and Fear Of Such Animals By People. 

Kotzebue recorded that the goats he attempted to introduce on Wotje were 
“objects of terror” to the inhabitants. 

In one instance, when a member of Kotzebue’s crew was presented with a 
nosegay (bouquet) by an older man as a gesture of friendship, a male goat, evidently 
recognizing the crew member, “ran up to his old companion, and as he [the goat] ran by, 
snatched the nosegay with such violence from the hand of the terrified [local man], that 
the latter received a blow with the horns; of course he and all his companions ran off with 
loud cries, and the [crew member] had a great deal of trouble to entice them back to their 
habitations, after he had driven the goats into the bushes” (Kotzebue, 1821). 

While initially, it is understandable that people who were unfamiliar with large 
mammals would have been terrified by their presence - especially when aggressive 
behavior such as Kotzebue described above occurred - pigs, which can also be 
frightening to persons when they first encounter them, have become established on atolls, 
and cows, goats, and other ruminants, such as deer and carabao, survived on other Pacific 
Islands, such as Guam and Pohnpei. 

Furthermore, people in general nowadays would not be so fearful of goats and 
cattle, yet as noted above, even recent attempts at introduction have failed. 

• Immediate Harvesting For Feasts. 

Goats and cattle have been used in for ceremonial feasts and other “community 
celebrations,” often shortly after they were introduced into an area (Bataua et al., 

1985). 

Many of the recently introduced cows and goats that the authors were told about, 
were specifically brought for a particularly celebration - traditional birthday party, etc. 

Even early on, Kotzebue, while expressing disappointment that none of the goats 
survived from his first attempt at introduction, consoled himself with the idea that at least 
by being eaten they would have demonstrated to the people how valuable a food source 
these animals could eventually prove to be (Kotzebue, 1830). 

• Part of Nuclear T est Program. 

The goats brought to the ships on Bikini were never intended to survive but 
neither did they go as quickly as might have been expected. Only ten percent of the 
animals died at the time of the atomic blast. Actually, some of the goats nonchalantly 
munched away at their feed throughout the blast and subsequent fires (Weisgall, 1994). 
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No report was found as to the final outcome of the remaining goats, but in any 
case, they did not remain on Bikini. 

• Disinterest and/or Mismanagement. 

One report stated that goats are not to be found on atolls due to the fact that the 
“colonial approaches to agriculture in general ignored or neglected livestock 
development” (Ochetim, 1990). Another concluded that the recent goat project in Tuvulu 
did not succeed because of “management shortfalls” (Fifita, 2004). 

However, all along, including up into modern times, ruminants, particularly goats, 
have been brought for livestock to Pacific atolls, including the Marshall Islands. Every 
foreign administration in the area has attempted to increase agriculture, including animal 
husbandry (Richard, 1957; Trumbull, 1959), and in many cases, by attempting to promote 
subsistence through agriculture, those foreign administrations “unwittingly altered the 
ecological balance of the islands by introducing plant or animal life for domestic use.” 
(Peattie, 1988). 

• Eating Pandanus Leaves. 

Several of the people who in recent times tried raising goats in the Marshall 
Islands by allowing them to free-range have reported that the animals consumed spiny 
pandanus leaves which eventually killed them. 

Granted, some spiny plants can harm livestock. Cocklebur and burdock burs 
“form an indigestible ball in the stomach” when eaten (Robinson, 2008/9) - a 
description which does sound similar to what occurred on Suwarrow. 

But in many instances, goats are able to consume “very prickly plants” 

(McGregor, 2000). In fact “their rumen [the first of the four compartments of 
their stomach] is ideal for breaking down the hard woody material” and therefore 
goats actually have a preference for thorny plants (pers. comm. R. Boom). 

Pandanus leaves, however, are also high in alkaloids (Lee, 2003). High levels of 
alkaloids are poisonous to livestock, and “generally are irritating to the gastrointestinal 
tract producing nausea, colic and diarrhea and also act on the central nervous system to 
produce blindness, muscular weakness, convulsions and death” (Robinson, 2008/9). 

Yet pandanus is found throughout the Indo-Pacific, including islands which have 
had (or still have) feral goat populations (Merlin and Juvik, 1992). Did the animals not eat 
pandanus on these islands because they had an abundance of other food? Or was 
pandanus not as toxic on those islands? 

The brief account of the death of goats and sheep on Suwarrow Atoll, mentions 
the animals ‘greedily eating grass,’ and although there was “pandanus here and there” 
(Stevenson, 1914), it does not mention the animals eating pandanus. And although young 
pandanus can resemble grass, it would not resemble the “fine, grass feathery” that it 
describes the goats consuming. 
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REASONS THAT INDICATE ATOLL SOIL-MINERAL BALANCE MAY BE A 

MAJOR FACTOR 


The Nature of Atoll Soils 

Atolls are almost entirely of marine origin and therefore their soil is barely more 
than gravel and sand with a thin layer of humus on top - in some areas, not even that. 
Such “atoll soils are made up almost entirely of. . . calcium carbonate, with small amounts 
of magnesium carbonate” (Stone et al., 2000). Not only does the limited organic material 
render this soil “extremely nutrient deficient,” but the “excessive calcium carbonate 
content” creates “a quick destruction of organic matter.” It is also highly alkaline” with a 
pH value of about 8 up to as high as 9.67 (Catala, 1957; Dalla Rosa, 1993; Fosberg and 
Carroll, 1965). 10 

Consequently, there is relatively little of some important elements, such as 
magnesium (as mentioned above), sodium, boron and molybdenum (although some 
reports will imply these are in ‘sufficient’ amounts). The amount of sulfur is often 
marginal. Nitrogen and potassium are low to very low, and the trace elements (or 
“micro-minerals”) of copper, zinc, iron and manganese are so low to be deficient, even 
for indigenous plant species. (Stone, 1953; Morrison, 1990; Gessel and Walker, 1992; 
Dalla Rosa, 1993; Teunissen et al., 1995; Stone et al., 2000; Aregheore, 2002a; Deerik 
and Yost, 2006). Nickel and cobalt are not mentioned in regards to atoll soils so are 
evidently naturally absent. 

In areas which had been forested by the great bird-catcher tree ( Pisonia grandis ), 
and often where birds have added their guano, there can be extraordinary levels of 
phosphorus, but otherwise this element is also lacking (Fosberg, 1994; McKee, 1956; 
Stone et al., 2000). 

Furthermore, these atoll soils are characteristically rocky, gravelly and sandy and 
therefore very porous with very little ability to retain water. They have a higher pH, 
hence are alkaline. Salt laden winds and periodic droughts also plague the environment. 

As a result of the above and other factors, it has been correctly said that: 

“A most peculiar kind of island - and often a precarious environment as well - an 
atoll requires critical adaptations if human existence is to be sustained” (Kirch, 
2002 ). 

“Atoll soils differ in several ways from almost all other soils that have been 
written about or discussed in agricultural literature. As a result, much information 
about growing plants on continents or high islands is either inappropriate or 
meaningless for atolls." (Stone et al., 2000: 2; italics ours). 

So it is to be expected that many plants simply cannot survive in this harsh 
environment, and even those that can make it, often end up malnourished and stunted. 
(Fosberg, 1948). Fertilizers and other soil embellishers can help some but the amount of 


10 The very top layer of soils derived from pure stand of Pisonia grandis with additional bird droppings, 
the pH 4.55, thus, being quite acidic instead (Fosberg and Carroll, 1965). 
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calcium can often be so high that even such drastic measures are of limited use (TSM 
Services undtd). 

But even when plants will grow on soils with such extreme excesses and 
deficiencies, the chemical imbalances will tend to be reflected in plants themselves 
(Deenik and Yost, 2006). The plants can only take up the chemicals of what they have 
been grown in: “If it's not in the soil, it can't get into the plant” (Nix, 2002). Thus in turn, 
the plants pass only those chemicals to whatever animal might eat them, even if such proves 
to be toxic to such a consumer. 

Adding soil on top, as was done in colonial times, proves to be of slight help and 
potentially of only temporary relief. The high rainfall that atolls typically receive “brings 
about leaching of soluble constituents at a high rate (Fosberg and Carroll, 1965). 

Eventually, the imported minerals will be leached away into the high calcium soil below, 
until there is very little benefit left from the added foreign soil. This likely could have 
been what happened in the 1800s in Jaluit, where, as mentioned above, despite bringing 
in non-atoll soil, all efforts to raise cows and sheep dismally failed (Fitzner , 1896). 

Calcium and Magnesium 

There is a livestock condition called “grass tetany” which results from magnesium 
deficiency (MacTean and Davidson, 1970). This deficiency is considered to be the oldest 
known deficiency in animals (Spangfors, 1992). This condition is found primarily in 
cows, although it can also affect goats and sheep but to a lesser extent than cattle. (Voisin, 
1963; McDowell, 1992; Khan et al., 2008). In other parts of the world, it often occurs 
in the spring when cattle graze on fresh grass grown in soil with too high a proportion 
of calcium to magnesium. 11 

When the ratio of calcium to magnesium “rises above 5: 1, the risk of grass tetany 
becomes very significant and above a ratio of 6: 1 it is extreme” (home garden soil 
improvement, 2007-2009). Symptoms appear rapidly and animals can die quickly, 
without warning, (home garden soil improvement, 2007-2009). 

The soils of the Marshall Islands, although often talked about as being 
“abundant” in magnesium (Stone et al., 2000), have a calcium to magnesium ratio 
averaging 10.4 to 1 (Deenik, 2003); some areas the ratio is around 30 to 1 or even 
higher (Fosberg and Carroll, 1965). Furthermore, this mineral leaches easily by heavy 
watering and rainfall (Morgan undtd). When calcium is found in such high levels, it is 
known to lead to magnesium deficiency (Harvie, 2006). 

Grass tetany particularly affects older animals rather than younger ones due to the 
amount of magnesium in their blood serum (McDowell, 1992; Voisin, 1963). It could 
well be that many of the animals introduced were already advanced in age, having spent a 
considerable amount of time on ships to get to the area. 

Fivestock are also at times stricken with grass tetany after “an abrupt change from 
a normal diet to one with inadequate available Mg [magnesium]” (McDowell, 1992). 
Certainly livestock fed stored hay for months on end on ships and then put ashore would 
have undergone a sudden and drastic change in their diet. 


1 1 A ratio of “between 2 and 7 is ideal for optimum plant growth” (Deenik 2003) without necessarily 
any consideration to consumption by animals. 
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Furthermore, when there is a disproportionate amount of one element (such as 
calcium in the case of atoll soil), all other nutrients are “locked-out” (Aregheore, 

2002a; Boom, 2002; Harvie, 2006; NextGenHydroponics, 2007). Alkaline soils (or 
those with a high pH as in is the case of most atoll soils) “make minerals unavailable to 
plant” (Morgan undtd). In this case, even what little of an element there may be in the 
soil becomes unavailable to the plants growing in such soil (Garden.ie, 2008). 

When we inquired as to what happened to the ‘graveyard goats’ of Delap, Majuro 
(mentioned above), we were told that they were evidently stolen. These goats, however, 
although free roaming, fed on whatever grew in the area, including a considerable 
amount of beggar’s tick (Bidens alba). The goats were kept away from the pandanus 
because the owners were told that pandanus would be poisonous to the animals. The 
goats, however, ate much old bread and bread products (pers. comm. T. Zedkaia). Goats 
love to eat bread, and although it is high in starch, it would not likely have had the 
proportionately high amounts of calcium as was likely to have been found in local 
vegetation. 

Other Dietary Imbalances 

Timitations in other elements can also cause death to ruminants. 

One way this occurs is that when there is any dietary chemical imbalance, 
“ruminants will resort to eating toxic vegetation when there is a shortage of food and if 
their ration is unbalanced (nutrient in the wrong proportions). Goats in this situation may 
crave for nutrients that they are missing. To compensate for these deficiencies, goats 
may consume vegetation they would normally not eat.” (McKenzie- Jakes and Tillman 
undtd.). 

Might this be what would account for the “dead through pandanus leaves” stories 
- that for want of acceptable greenery containing chemicals the goats craved, the 
animals resorted to browsing on pandanus leaves? 

The account of the almost immediate death of the goats and sheep on Suwarrow 
may also indicate a chemical imbalance from the soil being reflected in the grass. The 
original land flora of that atoll consisted of only twenty-three species of vascular plants 
Of these, there were just two actual grass species - bunch grass Lepturus repens and 
thickhead grass Digitaria stenotaphrodes (Woodroffe and Stoddart, 1992). 

The former species is widespread throughout the Pacific (Whistler, 1992) and 
even recently was recommended as a forage grass for ruminants in French Polynesia 
(Aregheore, 2009). This it could not be that the species itself is poisonous. 

The latter species, while found only on Pacific atolls, (although rare and 
endangered on Surarrow and other Cook Islands) (Cook Islands Biodiversity undtd), is 
also an unlikely candidate as being intrinsically poisonous. Related species, such as 
crabgrasses, are said to have “decent nutrient qualities as a forage for cattle” 
(wikipedia.org, 2009). 

The only other grass-like indigenous species recorded on Suwarrow is the beach 
sedge, Fimbristylis cymosa , which could possibly fit the description of being a “fine, 
feathery grass.” But it is “heavily grazed by goats, sheep and cattle” in other areas with 
no apparent harm (Aboudha et al., 2003). 
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So it would seem that the chemistry of the soil somehow rendered one or all of 
the above species toxic. 

Almost a century ago, a “wasting, non-transmissible” condition called “bush 
sickness” in New Zealand (and a variety of other names such as “pining,” “vanquish,” or 
“daising”), was recognized. It is due to mineral deficiency in the soil, initially thought to 
be that of iron (Aston, 1924) but later determined to be due to a lack of copper or cobalt 
(Boden and West, 1998). This condition can be associated with sandy soil, often those 
high in pumice (Aston, 1924). 12 As mentioned above, atoll soils do tend to be quite 
deficient in iron and copper. It is interesting to note that even early on it was determined 
that even where the minerals are lacking, plants grown in such deficient soil can be 
‘apparently healthy with this small amount,’ yet ‘it may not be sufficient for animals’ 
which will die if not given other feed (Aston , 1924). 

In some minor cases, it is limited reproduction that prevents these animals from 
thriving in their newly introduced habitat and is not due to a limited food source. 
“Successful reproduction is dependent on a host of macro- and micronutrients and ceases 
well before an animal expires from deficiency of a particular nutrient” ( Dunn and Moss, 
1993). 

Although it is not known whether nutrient deficiency limits the reproduction of 
these animals, certain appropriate amounts of these nutrients (phosporus, vitamin A, 
protein) are needed for optimal reproduction to occur. 

It is beyond the scope of this paper to say definitively whether any of these 
conditions caused by the unique nature of atoll soil might be the reason cattle, goats and 
sheep have not been able to survive on oceanic atolls. After all, grass tetany and related 
disorders are “complex ruminant metabolic disorders] . . . affected by a number of factors 
such as forage species and mineral composition, soil properties, fertilizer practices, season 
of the year, temperature, animal species, breed and age” (Khan, 2008). 

They may play a part or there may be some entirely unrelated factor. But as far as 
we could find, these chemically caused conditions have never been ruled out as to why 
such livestock have never succeeded in this environment. 


CONCLUSION 

It seems that, unlike high islands where the goats and ruminates have proved 
disastrous to the environment, on atolls, it is the environment that has been the disastrous 
demise to goats and other ruminates. 

It is uncertain if it would be practical to try to determine the cause of lack of 
success with cattle and goats on atolls so as to be able to rectify the situation and 
introduce these animals as livestock. Cattle do require a tremendous amount of food and 
they may not be practical to raise. Goats too eat a lot of vegetation. And although goats 
are often promoted as living lawnmowers, they are selective feeders (McKenzie- Jakes, 
2007), and as such on atolls, they would be “useful in the control of weeds under coconuts 
only when the majority of the weeds are accepted by the goats.” (Aregheore, 2002a). 

However, if a chemical imbalance is the root cause of the failure of ruminates to 
survive on atolls, this same imbalance could have implications to the health of humans 


12 


Pumice is often used as a fertizilier in the Marshalls and other atolls. 
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who feed on crops grown on the same soil. For example, magnesium deficiency causes 
not only grass tetany in cattle but also causes health problems for humans (Bender, 

1995). 

If, therefore, grass tetany or a variance thereof, due to the high proportion of 
calcium to magnesium, is the reason for the inability to raise ruminants on atolls, could 
people who eat crops, particularly non-traditional crops, grown on those same atolls, be 
setting themselves up for magnesium deficiency? 

One recent study by doctors at the Harvard School of Public Health Department of 
Nutrition and related institutions concluded that their “findings suggest a significant 
inverse association between magnesium intake and diabetes risk” (Lopez-Ridaura, 2004). 
Other reports have linked magnesium deficiency with hypertension, heart disease, 
hypercholesteremia, and depression, in addition to diabetes (Fox et al., 2001). Could it be 
that this deficiency is at least an exacerbating factor in the so-called “lifestyle diseases” 
(Bataua et al., 1985; Deerik and Yost, 2006) which are plaguing the Marshalls and many 
other areas of the Pacific ? 

Potentially there may be other chemical imbalances in atoll soil affecting crops 
grown in such soil. Those imbalances may include some of the major elements, some 
with the barely studied trace mineral. Even in continental areas where soil, forage and 
crops are often more chemically balanced, there are “important negative consequences of 
these deficiencies on human health and well-being” (Brown, 2004). These consequences 
are now being acknowledged and there is a host of “severe clinical deficiencies, which 
have easily identifiable symptoms” as well as “subclincial trace mineral deficiencies” 
which “are quite common,” but most people “do not recognize these deficiencies as a 
problem since they are hard to identify” (Nix, 2002). The emphasis of fertilization in 
agriculture around the world become the Tig three’ elements - nitrogen, phosphate and 
potassium - a trend that “largely ignores plant demand for the remaining macro and 
micronutrients except where a chronic deficiency is identified” (Brown, 2004). 

How much more so in the case of atolls’ unique soil? 

If such imbalances are involved in dietary deficiencies on atolls, it may warrant a 
total rethinking of the promotion of non-atoll agriculture on atolls. 

Again it is beyond the scope of this report to consider the specifics of the effects of 
the balance of atoll soils, but our intent is to demonstrate that further investigation is 
warranted. 
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